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STRUCTURE AND METHOD FOR CONNECTING FLEXIBLE PRINTED 
CIRCUIT BOARD TO INKJET PRINT HEAD 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a structure and 
method for connecting a flexible printed circuit board to an 
Inkjet print head in an Inkjet recording device. 

2 . Description of Related Art 

Conventional Inkjet recording devices perform color 
printing using four ink cartridges for colors of cyan, 
magenta, yellow, and black, for example. A holder for 
accommodating and holding these ink cartridges is provided 
with: four Inkjet heads for ejecting each color of ink, and 
circuit boards for driving these Inkjet heads. These Inkjet 
heads and circuit boards are connected via flexible circuit 
boards to form a print head unit. Ink is supplied from the 
ink cartridges to the Inkjet heads, and images are recorded 
by ejecting ink through ejection nozzles - 

As the density of these ejection nozzles has increased 
along with improvements in recording quality of recent years, 
the terminals of these Inkjet heads and the lands of the 
flexible printed circuit board connected to these terminals 
have also increase their density. When the terminals are 
joined to the lands using solder, Japanese patent 
publication No. 7-50498 discloses that the lands are 
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staggered in order to ensure sufficient separation between 
individual lands on this limited surface area so that solder 
bridges are not formed between adjacent solder connections. 
As disclosed in United States Patent No. 6,142,609, a thin 
layer of solder is formed on each land and the lands are 
bonded with terminals by heating the solder while the 
terminals are positioned over the lands. 

SUMMARY OF THE INVENTION 
However, in order to arrange the ejection nozzles with 
more density, the lands on the flexible printed circuit 
board must be arranged with higher density. To achieve this, 
the lands should be formed and spaced with more accuracy. 
The solder should be formed on the lands with more accurate 
shape and thickness. Further, the terminals should be 
positioned accurately over the lands. Therefore, the 
potential for a short-circuit occurring by solder bridge 
between adjacent lands is high, resulting in a poor 
production yield. By staggering the lands for a denser 
arrangement and forming conducting wires between the lands 
for connecting to the lands, the distance between the 
conducting members becomes small, which requires higher 
precision and increases production costs. 

In view of the foregoing, an object of the present 
invention is to provide a method of connecting a flexible 
printed circuit board, on which lands are arranged at high 
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density, to an ink jet head, on which head terminals are 
arranged at a high density, while preventing an occurrence 
of a short circuit. Another object is to provide a 
connecting structure of the flexible printed circuit board 
and the ink jet head. 

In order to attain the above and other objects, the 
present invention provides a method of connecting a 
plurality of lands provided on a flexible printed circuit 
board to a plurality of head terminals provided on an Inkjet 
head, the method comprising: preparing a flexible printed 
circuit board which has an insulating member, a plurality of 
lands and a plurality of conductive wires being provided on 
the insulating member, each land being connected to a 
corresponding conductive wire, the plurality of lands being 
arranged on the insulating member at locations in one-to-one 
correspondence with a plurality of head terminals provided 
on an inkjet head, the insulating member having a plurality 
of through-holes each for exposing a portion of a 
corresponding land; placing a conductive brazing material in 
the through-hole on each land; facing the lands through the 
through-holes to the head terminals on the inkjet head; and 
connecting and fixing the lands to the head terminals by 
melting the conductive brazing material. 

According to another aspect, the present invention 
provides a connecting method of connecting an Inkjet head to 



3 



10 



15 



20 



25 



a flexible printed circuit board, the Inkjet head having a 
plurality of channels arranged in a staggered manner and 
having a surface on which a plurality of head terminals is 
formed in a staggered manner in correspondence with the 
plurality of channels, the flexible printed circuit board 
having a plurality of conductive lands for supplying control 
signals from a circuit board to the head terminals, the 
method comprising: forming, on one surface of a flexible 
belt-shaped insulating member, a plurality of conductive 
lands and a plurality of conducting wires, the plurality of 
conductive lands being formed in a staggered manner at 
positions corresponding to a plurality of head terminals on 
an Inkjet head, the plurality of conducting wires being 
individually connected to respective ones of the plurality 
of lands; forming a plurality of through-holes through the 
insulating member at positions corresponding to the lands 
for exposing a portion of each of the plurality of lands on 
another surface of the insulating member opposite to the one 
surface of the insulating member; placing a conductive 
brazing material in the through-hole on each of the lands; 
facing the lands through the through-hole to the head 
terminals; and connecting and fixing the lands to the head 
terminals by melting the brazing material. 

According to another aspect, the present invention 
provides a connecting method of connecting an Inkjet head to 
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a flexible printed circuit board, the Inkjet head having a 
plurality of channels arranged in a staggered manner and 
having a surface on which a plurality of head terminals is 
formed in a staggered manner in correspondence with the 
plurality of channels, the flexible printed circuit board 
having a plurality of conductive lands for supplying control 
signals from a circuit board to the head terminals, the 
method comprising: forming, on a surface of a flexible belt- 
shaped insulating member, a plurality of conductive lands 
and a plurality of conducting wires. the plurality of 
conductive lands being formed in a staggered manner at 
positions corresponding to a plurality of head terminals on 
an Inkjet head, the plurality of conducting wires being 
individually connected to respective ones of the plurality 
of lands; covering the plurality of lands and the plurality 
of conductive wires on the surface of the insulating member 
with an insulating film, the insulating film having a 
plurality of through-holes for exposing a portion of each of 
the plurality of lands; placing a conductive brazing 
material in each of the through-holes; facing the lands 
through the through-hole to the head terminals; and 
connecting and fixing the lands to the head terminals by 
melting the brazing material. 

According to another aspect, the present invention 
provides a printed circuit board for being connected with an 
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Inkjet head having a surface on which a plurality of head 
terminals are arranged, the printed circuit board 
comprising: an insulating member; and a plurality of lands 
and a plurality of conductive wires provided on the 
insulating member, each land being connected to a 
corresponding conductive wire, the plurality of lands being 
arranged on the insulating member at locations in one-to-one 
correspondence with a plurality of head terminals provided 
on an Inkjet head, the insulating member being formed with a 
plurality of through-holes each for exposing a portion of a 
corresponding land, the lands facing through the through- 
holes to the head terminals on the Inkjet head, the through- 
hole on each land receiving a conductive brazing material 
placed therein, the conductive brazing material being melted 
1S to connect and fix each land to the corresponding head 
terminal . 

According to another aspect, the present invention 
provides a connecting structure of a flexible printed 
circuit board for connecting an Inkjet head to a circuit 
20 board, the Inkjet head having a plurality of channels and a 
surface on which a plurality of head terminals is provided 
in correspondence with the plurality of channels, the 
circuit board generating control signals for applying drive 
voltages to the head terminals, thereby causing the channels 
25 to eject ink, the connecting structure comprising: a 



6 



IS 



flexible belt-shaped insulating member having one surface 
and another surface opposite to each other, the one surface 
confronting a surface of an Inkjet head on which a plurality 
of head terminals is provided; a plurality of lands made of 
a conductive material and formed on the another surface of 
the insulating member at positions corresponding to the 
plurality of head terminals on the Inkjet head, a plurality 
of through-holes being formed through the insulating member 
at positions corresponding to the lands for exposing a 
portion of each of the plurality of lands on the one surface 
of the insulating member; a plurality of conducting wires 
formed on the another surface of the insulating member and 
individually connected to respective ones of the plurality 
of lands, the conductive wires supplying control signals 
from a circuit board to the lands; and a conductive brazing 
material provided in each Of the through-hole* and 
electrically connecting the corresponding one of the lands 
to the corresponding head terminal. 

According to another aspect, the present invention 
provides a connecting structure of a flexible printed 
circuit board for connecting an Inkjet head to a circuit 
board, the Inkjet head having a plurality of channels and a 
surface on which a plurality of head terminals is provided 
in correspondence with the plurality of channels, the 
25 circuit board generating control signals for applying drive 
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voltages to the head terminals, thereby causing the channels 
to eject ink, the connecting structure comprising: a 
flexible belt-shaped insulating member having one surface, 
the one surface confronting a surface of an Inkjet head on 
which a plurality of head terminals is provided; a plurality 
of lands made of a conductive material and formed on the one 
surface of the insulating member at positions corresponding 
to the plurality of head terminals on the Inkjet head; a 
plurality of conducting wires formed on the one surface of 
the insulating member and individually connected to 
respective ones of the plurality of lands, the conductive 
wires supplying control signals from a circuit board to the 
lands; an insulating film covering the plurality of lands 
and the plurality of conductive wires on the one surface of 
the insulating member, the insulating film having a 
plurality of through-holes for exposing at least a portion 
of each of the plurality of lands; and a conductive brazing 
material provided in each of the through-holes and 
electrically connecting the corresponding one of the lands 
to the corresponding head terminal. 

According to another aspect, the present invention 
provides an Inkjet head unit comprising: an inkjet head 
having a surface on which a plurality of head terminals are 
formed; and a flexible printed circuit board connecting the 
inkjet head to a control circuit board generating a control 
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signal to control the Inkjet head, the flexible printed 
circuit board comprising: a flexible insulating circuit 
substrate having one surface and another surface opposite to 
each other, the one surface confronting the surface of the 
Inkjet head provided with the plurality of head terminals; a 
plurality of lands made of a conductive material and formed 
on the another surface of the circuit substrate at positions 
corresponding to the plurality of head terminals on the 
inkjet head, a plurality of through-holes being formed 
through the circuit substrate at positions corresponding to 
the plurality of the lands, each of the plurality of 
through-holes exposing a part of the corresponding one of 
the plurality of lands on the one surface of the circuit 
substrate; and a plurality of conductive wires formed on the 
another surface of the circuit substrate, each of the 
plurality of conductive wires electrically connecting one of 
the plurality of lands to the circuit board, the conductive 
wires supplying the control signals from the control circuit 
board to the lands; wherein the plurality of the lands is 
connected and fixed individually to respective ones of the 
plurality of head terminals by a conductive brazing material 
placed in the corresponding one of the plurality of through- 
holes • 

According to another aspect, the present invention 
provides an inkjet head unit comprising: an inkjet head 
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having a surface on which a plurality of head terminals are 
formed; and a flexible printed circuit board connecting the 
inkjet head to a control circuit board generating a control 
signal to control the inkjet head, the flexible printed 
circuit board comprising: a flexible insulating circuit 
substrate having a surface confronting a surface of the 
inkjet head on which a plurality of head terminals is 
provided; a plurality of lands made of a conductive material 
and formed on the one surface of the circuit substrate at 
positions corresponding to the plurality of head terminals 
on the inkjet head; a plurality of conductive wires formed 
on the one surface of the circuit substrate, each of the 
plurality of conductive wires electrically connecting one of 
the plurality of lands to the circuit board, the conductive 
wires supplying the control signals from the control circuit 
board to the lands; and an electrically insulating film 
covering the plurality of lands and the plurality of 
conductive wires on the one surface of the circuit substrate, 
the electrically insulating film having a plurality of 
through-holes exposing a part of each of the plurality of 
lands; wherein the plurality of the lands are connected and 
fixed individually to respective ones of the plurality of 
head terminals on the inkjet head by a conductive brazing 
material placed in the corresponding one of the plurality of 
through-holes . 
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According to another aspect, the present invention 
provides a printed circuit board for connecting an inkjet 
head to a control unit, the inkjet head having a surface 
provided with a plurality of head terminals thereon, the 
5 control unit generating signals to control the inkjet head, 
the printed circuit board comprising: a flexible insulating 
substrate having a first surface and a second surface 
opposite to each other, the first surface confronting a 
surface of an inkjet head provided with a plurality of head 

10 terminals; a plurality of conductive lands formed on the 
second surface of the insulating substrate at positions 
corresponding to the plurality of head terminals on the 
inkjet head, a plurality of through-holes being formed 
through the insulating substrate at positions corresponding 

15 to the lands for exposing a portion of each of the plurality 
of lands on the first Surface of the insulating substrate, 
the plurality of through-holes receiving a brazing material 
therein; and a plurality of conducting paths formed on the 
second surface of the insulating substrate and individually 

20 connected to respective ones of the plurality of lands, the 
conductive paths transferring controlling signals from the 
control unit to the lands. 

According to another aspect, the present invention 
provides a printed circuit board for connecting an inkjet 

25 head to a control unit, the inkjet head having a surface 
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provided with a plurality of head terminals thereon, the 
control unit generating signals to control the Inkjet head, 
the printed circuit board comprising: a flexible insulating 
substrate having a surface confronting a surface of the 
Inkjet head provided with a plurality of head terminals; a 
plurality of conductive lands formed on the surface of the 
insulating substrate at positions corresponding to the 
plurality of heed terminals on the Inkjet head; and a 
plurality of conducting paths formed on the surface of the 
insulating substrate and individually connected to 
respective ones of the plurality of lands, the conductive 
paths transferring signals from a control unit to the lands; 
and an insulating film covering the plurality of lands and 
the plurality of conductive wires on the surface of the 
insulating substrate, the insulating film having a plurality 
of through-holes for exposing a part of each of the 
plurality of lands, the plurality of through-holes receiving 
a conductive brazing material therein. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The above and other objects, features and advantages of 
the invention will become more apparent from reading the 
following description of the preferred embodiments taken in 
connection with the accompanying drawings in which: 

Fig. 1 is a plan view showing a state where an Inkjet 
head and a flexible printed circuit board, and a driver 
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circuit board according to a preferred embodiment are 

connected together; 

Fig. 2 is a plan view showing the Inkjet head, 
flexible printed circuit board, and the driver circuit board 
in a separation state; 

Fig. 3 is an enlarged perspective view showing a 
portion of the Inkjet head and a portion of the flexible 
printed circuit board; 

Fig. 4 is an enlarged plan view showing surface 
e lectrodes and head terminals on a piezoelectric sheet on 
the inkjet head at an area indicated by the arrow A in Fig. 
2; 

Fig. 5 is an enlarged plan view showing lands on the 
flexible printed circuit board at an area indicated by the 

arrow B in Fig. 2; 

Fig. 6 is an enlarged cross-sectional view of the 
flexible printed circuit board taken along a line VI - VI in 
Fig 5; 

Figs. 7A - 10 show enlarged cross-sections of one of 
the lands on the flexible printed circuit board and show the 
steps of connecting the land to the head terminal on the 
inkjet head: 

wherein Fig. 7A shows a wiring process. Fig. 7B shows 
a through-hole forming process; Fig. 8 shows a solder 
placing process; Fig. 9 shows a reflow process; and Fig. 10 
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shows a connecting process; 

Fig. 11 is an enlarged cross-sectional view showing a 
state of solder with an allowable minimum amount after the 
reflow process is completed; 

Fig. 12 is an enlarged cross-sectional view showing a 
state of solder with an allowable maximum amount after the 
reflow process is completed; 

Fig. 13A is a plan view showing an inkjet head, a 
flexible printed circuit board, and a driver circuit board 
according to a second embodiment of the present invention in 
a connected state; 

Fig. 13B is a plan view showing the inkjet head, the 
flexible printed circuit board, and the driver circuit board 
of the second embodiment in a separate state ; 

Fig, 13C is an enlarged perspective view showing a 
portion of the inkjet head and a portion of the flexible 
printed circuit board of the second embodiment; 

Fig. 14 - 17 show enlarged cross-sections of one of 
the lands on the flexible printed circuit board of the 
second embodiment, and show the steps of connecting the land 
to the head terminal on the inkjet head: 

wherein Fig. 14 shows a wiring process and a coating 
process; Fig. 15 shows a solder placing process; Fig. 16 
shows a reflow process; and Fig. 17 shows a connecting 
25 process; and 
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Fig. 18 is an enlarged cross-sectional view showing 
the connection between the land on the flexible printed 
circuit board and the head terminal on the Inkjet head 
connected according to a modification. 
5 DETAILED DESCRIPTION OF THE PREF ERRED EMBODIMENTS 

A connecting structure and a method for connecting a 
flexible printed circuit board to an Inkjet recording head 
according to preferred embodiments of the present invention 
will be described while referring to the accompanying 
10 drawings. 

<First Embodiment> 

First, an Inkjet head 10, a flexible printed circuit 
board 13, and a driver circuit board 50 according to a first 
embodiment of the present invention will be described with 
15 reference to Figs. 1-12. 

Fig. 1 is a plan view showing an ink jet head 10, a 
flexible printed circuit board 13. and a driver circuit 
board 50 in a connected state. Fig. 2 is a plan view 
showing the Inkjet head 10, the flexible printed circuit 
20 board 13, and the driver circuit board 50, which are not yet 
connected with one another. Fig. 3 is an enlarged 
perspective view showing a portion of the Inkjet head 10 and 
a portion of the flexible printed circuit board 13. Fig. 4 
is an enlarged plan view showing surface electrodes 39 on 
25 the Inkjet head 10 in an area indicated by the arrow A in 
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Fig. 2. Fig. 5 is an enlarged plan view showing lands 60 on 
the flexible printed circuit board 13 in an area indicated 
by the arrow B in Fig. 2. Fig. 6 is an enlarged cross- 
sectional view taken along a line VI -VI in Fig. 5. Fig. 6 
5 shows one of the lands 60 on the flexible printed circuit 
board 13- 

As shown in Fig. 1. one end of the belt-shaped 
flexible printed circuit board 13 is connected to the Inkjet 
head 10, while the other end is connected to the driver 
10 circuit board 50. The Inkjet head 10, the flexible printed 
circuit board 13, and the driver circuit board 50 are 
mounted in an Inkjet recording device (not shown). A driver 
IC 51 is mounted on the driver circuit board 50 for 
generating control signals to control drive voltages applied 
15 to the Inkjet head 10. 

As shown in Fig. 2, the Inkjet head 10 has a 
substantially rectangular shape from a plan view. One end 
(-X directional end) of the flexible printed circuit board 
13 has a width corresponding approximately to the lengthwise 
dimension of the Inkjet head 10. When the Inkjet head 10 
and the flexible printed circuit board 13 are in a connected 
atate# the -X directional end of the flexible printed 
circuit board 13 covers the Inkjet head 10, as shown in Fig. 
1. The width of the belt-shaped flexible printed circuit 
board 13 increases from the -X directional end toward the 
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other end <+X directional end) . Terminals 53 for connecting 
the flexible printed circuit board 13 to the driver circuit 
board 50 are provided on the other end C + X directional end) 
of the flexible printed circuit board 13 and are arranged 
along the widthwise direction. The driver circuit board 50 
is substantially rectangular in shape. A connector 52 is 
provided on the edge of the driver circuit board 50 at a 
side opposite to the side, where the driver circuit board 50 
is connected with the terminals 53. The connector 52 is 
connected to a control circuit (not shown) of the inKj et 

recording device. 

As shown in Fig. 3, the Inkjet head 10 includes a 
cavity unit 11 and a piezoelectric actuator 12. For 
simplicity, the figure shows the state where the 
piezoelectric actuator 12 is separate from the cavity unit 
11. 

The cavity unit 11 includes nine layers of stacked 
plates, each of which is substantially rectangular in shape. 
The nine layers of plates are stacked in the ±2 direction. 
The nine layers of plates include: the bottommost layer Ua 
made of synthetic resin; the topmost layer lib made of a 
metal plate; and seven layers of metal plates sandwiched 
between the layers Ha and lib. A plurality of ejection 
nozzles (not shown) penetrate the plate Ha. The ejection 
nozzles are formed in four rows, each extending along the 
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lengthwise direction of the plate XI. <« and -Y directions 
in the drawing), the four rows making up two pairs of rows. 
The ejection nozzles of adjacent rows in each pair are 
staggered. A plurality of channels 23 corresponding to the 
ejection nozzles is arranged in a staggered manner along the 
length of the metal plate lib, similar to the ejection 
nozzles. A plurality of through-holes 25 are provided in 
one to one correspondence with the channels 23 and in one to 
one correspondence with the ejection nozzles. Each through- 
hole 25 penetrates the bottom of the corresponding channel 
23 and the metal plates stacked between the plates 11a and 
lib. The channel 23 is communicated with a corresponding 
ejection nozzle via the corresponding through-hole 25. 

Four manifolds (not shown) are formed in the metal 
plates stacked between the plate 11a and the plate lib. The 
manifolds are formed in one-to-one correspondence with the 
four rows of the channels 23. Each manifold extends 
lengthwise in the cavity unit 11. Each manifold is 
connected to the channels 23 in the corresponding row via 
ink passages 30. Each ink passage 30 penetrates the bottom 
of the corresponding channel 23. Each ink passage 30 
supplies ink from the corresponding manifold to the 
corresponding channel 23. Each channel 23 extends widthwise 
(+X and -X directions in the drawing) in the metal plate lib 
at a prescribed distance between the position where the 
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corresponding through-hole 25 is located and the position 
where the corresponding ink passage 30 is located. Each 
manifold is also connected to one of four ink supply holes 
31 formed in one lengthwise end of the cavity unit 11. Ink 
is introduced into the manifolds via the ink supply holes 31. 
A filter 32 covers the ink supply holes 31- 

The piezoelectric actuator 12 includes five 
piezoelectric sheets. The five piezoelectric sheets include: 
two piezoelectric sheets 12a, 12a; two piezoelectric sheets 
12b, 12b; and one topmost piezoelectric sheet 12c. The 
piezoelectric sheets 12b are stacked alternately with the 
piezoelectric sheets 12a along the ±Z direction. a 
plurality of surface electrodes 39 are provided on the top 
surface of the piezoelectric sheet 12c. As with the channels 
23, the surface electrodes 39 are arranged lengthwise on the 
piezoelectric sheet 12c in four rows including two pairs of 
rows. The surface electrodes 39 are staggered in the 
adjacent rows of each pair. The surface electrodes 39 are 
located in one-to-one correspondence with the channels 23. 
Four surface electrodes 40 are also provided on the top 
surface of the piezoelectric sheet 12c. Each piezoelectric 
sheet 12a is provided with a plurality of drive electrodes 
(not shown) , which are located in one-to-one correspondence 
with the channels 23. A plurality of through-holes 41 is 
formed through the piezoelectric sheets 12a-l2c except for 
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the lowest sheet 12a. Four through-holes 42 are formed 
through the piezoelectric sheets 12a-12c except for the 
lowest sheet 12a and for the second lowest sheet 12b. Each 
piezoelectric sheet 12b is formed with a ground electrode 
(not shown) across nearly its entire surface, except the 
areas around the through-holes 41. Each surface electrode 39 
is connected to the corresponding drive electrodes on all 
the piezoelectric sheets 12a via the corresponding through- 
hole 41. The surface electrode 40 is connected to the ground 
electrodes on all the piezoelectric sheets 12b via the 
corresponding through-hole 42 . 

As shown in Figs. 2 and 3 , the surface electrodes 39 
are arranged on the topmost piezoelectric sheet 12c in four 
rows. The rows extend along the length of the piezoelectric 
sheet 12c (in the Y direction of Figs. 2 and 3), as 
described above, forming two pairs of rows. As shown in Fig- 
3, the surface electrodes 39 of two adjacent rows in each of 
two pairs are arranged in a staggered manner. Fig. 4 shows 
the surface electrodes 39 in two adjacent rows in one pair 
that is indicated by an arrow A and that is located nearer 
to the driver circuit board 50 (Fig.l) than those in two 
adjacent rows in the other pair. The right side in Fig. 4 
faces toward the driver circuit board 50 of Fig. 1. The 
surface electrodes 39 are substantially belt-shaped with a 
size nearly identical to the drive electrodes (not shown) 
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provided on the piezoelectric sheets 12a (Fig. 3). The 
through-hole 41 is formed through each surface electrode 39 
approximately at the center of the surface electrode 39. 
The surface electrode 39 is connected to the corresponding 
9 drive electrode through the through-hole 41. Substantially 
rectangular head terminals 45 are provided over the 
respective surface electrodes 39 at positions corresponding 
to lands 60 on the flexible printed circuit board 13 as 
shown in Fig. 3- The head terminals 45 are configured wider 
L0 than the surface electrodes 39 in the ±Y direction and 
shorter than the surface electrodes 39 in the ±X direction, 
in each row of the surface electrodes 39 (in the Y 
direction) , the head terminals 45 are alternately provided 
near opposite ends of the surface electrode 39 in a 

15 staggered formation. 

As shown in Fig. 2 and 3, the flexible printed circuit 
board 13 includes a belt-shaped insulating member (belt- 
shaped insulating sheet) 13a formed of a flexible insulating 
film. In this example, the insulting member 13a is formed of 
polyimide film. Wiring patterns or wiring paths are formed 
on one surface (+2 side surface) of the insulating member 
13a. The wiring patterns include: the lands 60, the 
conducting wires 61, and the terminals 53- As shown in Fig. 
2, the lands 60 are provided on one end of the flexible 
printed circuit board 13. As shown in Fig. 3, the lands 60 
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are provided on the + Z side surface of the insulating member 
13a at positions in one-to-one correspondence with the head 
terminals 45. 

Fig. 5 shows how the lands 60 are arranged on the +Z 
side surface of the insulting member 13a in the area 
indicated by arrow B in Fig. 2 at locations in one-to-one 
correspondence with the head terminals 45 which are arranged 
as shown in Fig. 4 in the area indicated by arrow A in Fig. 
2. The right side in Fig. 5 faces the driver circuit board 
50 of Fig. 1. As shown in Fig. 5, each land 60 is connected 
to one end of a corresponding individual conducting wire 61. 
Conducting wires 61 are provided on the + Z side surface of 
the insulating member 13a to extend between and around other 
lands 60. in this way, the conducting wires 61 are located 
between the lands 60. As shown in Fig. 2, the other end of 
each conducting wire 61 opposite to the end connected to the 
land 60 is connected to one of the terminals 53 that are 
arranged widthwise along the other end of the flexible 
printed circuit board 13 on its +Z-side surface. 

As shown in Figs. 5 and 6, the lands 60 are formed on 
the +Z side surface of the insulating member 13a, and 
through-holes 62 are formed through the insulating member 
13a from the -2 side surface to the other surface (+Z side 
surface). In Fig. 5, the areas surrounded by broken lines 
indicate the areas of the through-holes 62. The lands 60 are 
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exposed via the through-holes 62 on the -Z side of the 
flexible printed circuit board 13. The through-holes 62 
penetrate the insulating member 13a such that the size of 
the exposed areas of the land 60 on the -Z side surface is 
smaller than the area of the land 60 on the +2 side surface 
as shown in Fig. 6. Further, the surface area of the 
exposed part of the land 60 on the -z surface is smaller 
than the surface area of the head terminal 45 as shown in 
Fig. 10. 

Next, a method of connecting the flexible printed 
circuit board 13 to the inkjet head 10 will be described 
with reference to Figs. 7 through 10. Each of these 
drawings shows an enlarged cross-section of one land 60 on 
the flexible printed circuit board 13. 

First, as shown in Fig. 7 A, a wiring process is 
executed. More specifically, a copper foil (conductive 
material) is first formed on one surface <+Z direction side) 
Of the insulating member 13a. An etching process is 
performed on the copper foil to pattern the copper foil into 
the wiring pattern. The wiring pattern includes: the 
plurality of lands 60; the plurality of conducting wires 61; 
and the plurality of terminals 53. 

It is noted that during the wiring process, the 
insulating member 13a is oriented so that the +z side 
surface of the insulating member 13a faces vertically 
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upwardly. However, the insulating member 13a may be oriented 
with the +Z side surface facing downwardly during the wiring 
process . 

Next, as shown in Fig. 7B, a through-hole forming 
process is executed. More specifically, the through-holes 
62 are formed through the insulating member 13a to expose 
the lands 60 on the -Z surface through the insulating member 
13a. The through-holes 62 are formed by using processes 
such as a laser process, a plasma etching process, or an 
electrolytic etching process well-known in the art. In this 
way, the flexible printed circuit board 13 having the lands 
60, the conductive wires 61, the terminals 53, and the 
through-holes 62 is produced- 

It is noted that during the through-hole forming 
process, the insulating member 13a is oriented so that the 
+Z side surface of the insulating member 13a faces 
vertically downwardly. However, the insulating member 13a 
may be oriented with the +Z side surface facing upwardly 
during the through-hole forming process. 

Next, as shown in Fig. 8, a solder placing process is 
executed. More specifically, the flexible printed circuit 
board 13 is oriented so that the -2 directional side of the 
flexible printed circuit board 13 faces vertically upwardly. 
A conductive brazing material (solder 63, in this example) 
is printed onto the lands 60 via the through-holes 62 from 
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the -a direction side (side of the flexible printed circuit 
board 13 opposite to the +Z direction side- where the lands 
60 and the conducting wires 61 are provided) using a 
printing method or another method well known in the art. In 
this way, the solder 63 is provided on the portions of the 
lands 60 exposed in the through-holes 62. 

Next, as shown in Fig. 9, a reflow process is executed. 
More specifically, the entire flexible printed circuit board 
13 is exposed to heat by infrared light or laser light after 
the solder 63 has been provided on the lands 60. The solder 
63 begins to melt at a temperature above the melting point 
of the solder material and spreads along the surface of the 
lands 60 until covering the entire exposed areas of the 
lands 60, that is, the areas surrounded by broken lines 
showing the through-holes 62 in Fig. 5. Thereafter, the 
lands 60 and solder 63 are cooled until hardened. It is 
noted that also during the reflow process, the flexible 
printed circuit board 13 is oriented so that the -Z 
directional side of the flexible printed circuit board 13 
20 faces vertically upwardly. 

Next, as shown in Fig- 10, a connecting process is 
executed. More specifically, the flexible printed circuit 
board 13 is positioned over the top surface of the inkjet 
head 10, that is, the top surface of the piezoelectric sheet 
25 12c. The flexible printed circuit board 13 is oriented so 
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that the -Z direction side of the flexible printed circuit 
Soard 13 faces downwardly and confronts the surface of the 
Inkjet head 10 as shown in Fig. 3. The flexible printed 
circuit board 13 is positioned relative to the Inkjet head 
10 such that the lands 60 are aligned with the corresponding 

head terminals 45. 

In this way, the flexible printed circuit board 13 is 

placed upside down over the Inkjet head 10, facing the 
opposite direction than in the solder placing process of Fig. 
8 and in the reflow process of Fig. 9- However, since the 
solder 63 is bonded to the land 60 during the reflow process, 
the solder 63 does not fall off the flexible printed circuit 
board 13 when the flexible printed circuit board 13 is 

turned upside down. 

Then, heat is applied to the entire assembly of the 
Inkjet head 10 and the flexible printed circuit board 13 to 
melt the solder 63. The solder 63 is heated and melted with 
the flexible printed circuit board 13 stacked on the Inkjet 
head 10, and the solder 63 adapts to the head terminals 45 
by spreading over the entire surface of the head terminals 
45, thereby bonding the lands 60 to the head terminals 45. 

As described above, the surface area of the exposed 
part of the land 60 is smaller than the surface area of the 
head terminal 45. Accordingly, when the flexible printed 
circuit board 13 is placed over the Inkjet head 10, the 



26 



10 



15 



20 



25 



edges of the insulating member 13a defining the through- 
holes 62 therein prevent the opposing surfaces of the head 
terminal 45 and the land 60 from contacting with each other. 
Since the cross-sectional area of the through-holes 62 
increases from the + Z side towards the -SS side in the 
thickness direction of the flexible printed circuit board 13, 
the head terminal 45 can push out solder 63 within the 
through-hole 62 when the flexible printed circuit board 13 
is stacked over the Inkjet head 10. In this case, solder 63 
leaking out around the head terminal 45 may flow out onto 
the surface electrode 39 that is connected to the head 
terminal 45. This is because solder 63 made of metal is 
likely to bond with the surface electrode 39 made also from 
metal. In this way, the surface electrode 39 functions as a 
retaining pattern or a retaining portion for preventing the 
solder 63 from spreading out onto the surface of the 
piezoelectric sheet 12c to contact neighboring head 
terminals 45. 

It is noted that an allowable amount (volume) of 
solder 63 required for achieving a proper connection between 
the land 60 and the head terminal 45 is greater than or 
equal to a predetermined allowable least amount (volume) and 
smaller than or equal to a predetermined allowable maximum 
amount (volume) . If solder 63 of the least allowable amount 
is placed on the land 60 during the solder placing process 
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of Fig. 8, the solder 63 produces a column of solder 63 as 
shown in Fig. 11 when the reflow process of Fig. 9 is 
completed. This column has a height approximately 

equivalent to the thickness of the flexible printed circuit 
board 13 and has a bottom surface area approximately 
equivalent to the exposed area of the land 60. If solder 63 
of the maximum allowable amount is placed on the land 60 
during the solder placing process of Fig. 8, the solder 63 
completely fills the entire through-hole 62 as shown in Fig. 
12 when the reflow process of Fig. 9 is completed. The 
through-hole 62 has a height equivalent to the thickness of 
the flexible printed circuit board 13 and has a cross- 
section that widens in the -Z direction. 

If the amount of the solder 63 placed on the land 60 
during the solder placing process of Fig. 8 is greater than 
the allowable maximum amount, the solder 63 will leak around 
the edge of the head terminal 45 opposing the land 60, 
forming solder bridges. On the other hand, if the amount of 
the solder 63 is smaller than the allowable least amount, 
the solder 63 is unable to fill the gap between the land 60 
and the head terminal 45, resulting in poor connections 
between the land 60 and the head terminal 45- 

As described above, according to the present 
embodiment, the lands 60 are connected to the head terminals 
45 by the solder 63 in the through-holes 62 formed through 



28 



the flexible printed circuit board 13. The flexible printed 
circuit board 13 isolates the conductive solder 63 from 
areas between adjacent conductive wirings 61 and from areas 
between adjacent conductive lands 60, Therefore, this 
construction prevents short-circuiting between adj acent 
conductive wires 61 and adjacent lands 60 due to the excess 
amount of solder 63. Accordingly, the tolerance grade for 
laying out the head terminals 45 and lands 60 can be reduced 
even when increasing the density of the lands 60 and the 
head terminals 45. As a result, it is possible to use a 
single side flexible printed circuit board, thereby 
facilitating the production process and reducing production 
costs . 

<Second Embodiment> 

Next, a method and a structure according to a second 
embodiment of the present invention for connecting the 
inkjet head 10 to a flexible printed circuit board 113 will 
be described with reference to Figs. 13 A through 17. 

According to the present embodiment, the inkjet head 
10 is connected via the flexible printed circuit board 113 
of the present embodiment to a driver circuit board 150 of , 
the present embodiment. 

Fig. 13A is a plan view showing the inkjet head 10, 
the flexible printed circuit board 113, and the driver 
circuit board 150 in their connected state. Fig. 13B is a 
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plan view showing the inkjet head 10, the flexible printed 
circuit board 113, and the driver circuit board 150 in their 
separate state. Fig, 13C shows a part of the inkjet head 10 
and a part of the flexible printed circuit board 113. 
5 The inkjet head 10 of the present embodiment is the 

same as that of the first embodiment. The flexible printed 
circuit board 113 of the present embodiment is different 
from the flexible printed circuit board 13 of the first 
embodiment in that the lands 60, the conducting wires 61, 

10 and the terminals 53 are formed on the -Z directional 
surface of the insulating member 13a that faces the inkjet 
head 10 as shown in Fig. 13C, and in that the resist layer 
66 is provided on the -Z surface of the flexible printed 
circuit board 13 covering the lands 60 and the conductive 

15 wires 61. The size and arrangement of the lands 60 and the 
conducting wires 61 on the flexible printed circuit board 13 
are the same as those of the first embodiment. The driver 
circuit board 150 is different from the driver circuit board 
50 of the first embodiment in that the driver circuit board 

20 150 has terminals 54 on its top surface as shown in Fig. 13B. 
The terminals 54 are connected to the terminals 53 provided 
on the -Z side surface of the flexible printed circuit board 
113. Figs. 14 through 17 show enlarged cross-sections of 
the land 60 on the flexible printed circuit board 113 to 

25 show how to connect the land 60 to the head terminal 45 
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according to present embodiment. 

Next will be described with reference to Figs. 14 - 17 
how to connect the flexible printed circuit board 113 to the 
ink jet head 10 according to the present embodiment. 

First, as shown in Pig, 14, a wiring process and a 
coating process are executed. More specifically, copper 
foil is first bonded to the -Z directional surface of the 
insulating member 13a of the flexible printed circuit board 

13 . A wiring pattern is formed in the copper foil through 
an etching process. The wiring pattern includes the lands 
60, the conducting wires 61, and the terminals 53. Next, 
the entire -Z side surface of the insulating member 13a is 
coated with a thin layer of insulating resist 66 to cover 
the lands 60 and the conducting wires 61, as shown in Fig. 

14. The resist layer 66 is made of an insulating material 
such as a photo-resist or an insulating dry film to prevent 
the lands 60 and the conducting wires 61 formed on the 
insulating members 13a from short circuiting. A through- 
hole 67 is formed through the resist layer 66 at a position 
corresponding to each land 60 to expose a part of the land 
60 on the -2 side surface, as shown in Fig- 14. As with the 
through-hole 62 in the first embodiment, the surface area of 
the opening in the through-hole 67 is smaller than the 
surface area of the land 60. 

It is noted that the resist layer 66 does not cover 



the terminals 53, ensuring that the terminals 53 can be 
connected with the terminals 54 on the driver circuit board 
150. 

Next, as shown in Fig. 15, a solder placing process is 
executed. More specifically, the solder 63 is printed at 
positions corresponding to the lands 60 exposed through the 
through-holes 67 in the resist layer 66 in the same manner 
as that of the first embodiment. 

Next, as shown in Fig. 16, a reflow process is 
executed. More specifically, the entire flexible printed 
circuit board 13 is heated to melt the solder 63. The 
solder 63 spreads along the surface of the land 60 to cover 
the entire exposed area of the land 60. Subsequently, the 
lands 60 and the solder 63 are cooled to harden the solder 
63, 

Next, as shown in Fig. 17, a connecting process is 
executed. More specifically, the flexible printed circuit 
board 13 is positioned over the Inkjet head 10 so that the - 
Z surface of the flexible printed circuit board 13 confronts 
the top surface of the Inkjet head 10 as shown in Fig. 13C. 
Each of the lands 60 opposes the surface of the 
corresponding head terminal 45. The solder 63 is melted by 
executing a heating process in the same manner as in the 
connecting process in the first embodiment to bond the land 
60 to the head terminal 45. 



32 



10 



In the present embodiment, the surface of the circuit 
board 13 having the lands 60 and conductive wiring 61 
thereon is covered with the insulating resist film 66. The 
lands 60 are connected to the corresponding head terminals 
45 with the solder 63 via the through-holes 67 formed in the 
insulating resist film 66. Since the insulating resist film 
66 separates the conductive solder 63 from areas between the 
conducting wirings 61 and from areas between the conductive 
lands 60, the construction prevents short-circuiting between 
adjacent wires 61 and adjacent lands 60 even when an excess 
amount of the solder 63 is used. Accordingly, the tolerance 
grade for laying out the head terminals 45 and the lands 60 
can be reduced even when increasing the arranging density of 
the head terminals 45 and the lands 60. As a result, it is 
is possible to use a single side flexible printed circuit board, 
thereby facilitating the production process and reducing 
production costs. 

Two embodiments are described above for connecting the 
head terminals 45 on the inkjet head 10 to the lands 60 on 
the flexible printed circuit boards 13 and 113: the first 
embodiment for connecting the lands 60 exposed through the 
through-holes 62 of the insulating member 13a to the head 
terminals 45 by the solder 63, and the second embodiment for 
bonding the lands 60 exposed through the through-holes 67 of 
the resist layer 66 covering the wiring pattern on the 
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flexible printed circuit board 113 to the head terminals 45 
by the solder 63 . 

In the flexible printed circuit board 13 of the first 
embodiment, the lands 60 in the wiring patterns are formed 
5 on one side surface of the insulating member 13a, while the 
through-holes 62 are formed through the insulating member 
13a for exposing the lands 60 to the other side surface of 
the insulating member 13a, The lands 60 are bonded to the 
head terminals 45 by the solder 63 through the through-holes 

10 62. Although the conducting wires 61 are arranged on the 
insulating member 13a at locations between the lands 60, the 
conducting wires 61 are provided on the surface opposite to 
the surface bonded with the ink jet head 10. Accordingly, 
the head terminals 45 need only be positioned on the inkjet 

IS head 10 not to interfere with other head terminals 45. That 
is, the head terminals 45 need only be spaced to prevent 
solder from spreading toward the adjacent head terminals 45 
to make a solder bridge therewith during the connecting 
process. Accordingly, short circuits between neighboring 

20 lands 60 and short circuits between neighboring head 
terminals 45 will not occur even if the layout of lands 60 
and head terminals 45 is designed and manufactured with a 
low tolerance in the direction orthogonal to the bonding 
direction . 

25 In the flexible printed circuit board 113 of the 
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second embodiment, the wiring pattern formed on one side 
surface of the insulating member 13a is covered by the 
insulating resist layer 66. The lands 60 are exposed via 
the through-holes 67 formed through the resist layer 66. 
The lands 60 are bonded to the corresponding head terminals 
45 by the solder 63 in the through-holes 67. Since the 
resist layer 66 covers the conducting wires 61 formed at 
locations between the lands 60, short circuits between the 
conductive wires 61 and the head terminals 45 are avoided. 
Accordingly, the layout of the lands 60 and head terminals 
45 can be designed and produced with a low tolerance. 

In each of the above-described embodiments , the 
flexible printed circuit board 13, 113 can be a single-sided 
circuit board in which a wiring pattern is formed only on 
one side. 

In the first and second embodiments, the lands 60 are 
arranged in a staggered manner, enabling a large number of 
the lands 60 to be arranged densely. Further, since the 
insulating member 13a or the insulating resist film 66 
separates the solder 63 from the lands 60 and the conductive 
wires 61, short circuits between conductive wires 61 and 
lands 60 are prevented. Accordingly, the connecting 
strength between the flexible printed circuit board 13, 113 
and the Inkjet head 10 can be increased when the flexible 
printed circuit board 13, 113 is fixed to the Inkjet head 10 
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using the solder 63. 

Both the lands 60 and the head terminals 45 are 
arranged in a staggered pattern closely with one another. 
Accordingly, the flexible printed circuit board 13, 113 and 
the inkjet head 10 are joined together through the plurality 
of bonded positions, which are closely distributed in the 
wide area. Accordingly, external forces acting on the 
connected assembly of the flexible printed circuit board 13, 
113 and the Inkjet head 10 can be shared by these many 
bonded positions, thereby enhancing the bonding strength of 
the connected assembly. 

In the first and second embodiments, the surface 
electrode 39 is connected to the head terminal 45. 
Accordingly, solder 63 is retained over the surface 
electrode 39 when the excess amount of solder 63 is used. 
Hence this construction can prevent short circuits between 
neighboring head terminals 45 by excess solder 63- 

In the first and second embodiments, the solder 63 
placed on the lands 60 in the solder placing process is 
melted and fixed to the lands 60. By bonding the solder 63 
to the lands 60, the solder 63 does not fall off of the 
lands 60 when the surface having the solder 63 thereon 

faces vertically downwardly to be connected to the head 
terminals 45. Further, since the solder 63 spreads over the 
portions of the lands 60 exposed through the through-holes 
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62, 67 to cover the entire exposed parts of the lands 60, 
the bonding strength between the lands 60 and the head 
terminals 45 can be enhanced. Accordingly, these methods 
can reduce the occurrence of problems in connections during 
production, thereby increasing production efficiency. 

While the invention has been described in detail with 
reference to the specific embodiments thereof, it would be 
apparent to those skilled in the art that various changes 
and modifications may be made therein without departing from 
the spirit of the invention. 

For example, in the above-described first embodiment, 
if a large amount of the solder 63 is printed in the solder 
placing process, when the connecting process is executed 
with a prescribed gap provided between bonding surfaces of 
the flexible printed circuit board 13 and the Inkjet head 10, 
then the solder 63 forms a column between the land 60 and 
the head terminal 45, as shown in Fig. 18, thereby 
connecting the land 6 0 and the head terminal 45 together. 
In this case, protrusions (not shown) can be provided on the 
piezoelectric sheet 12c when forming the head terminals 45, 
for example, for preventing the flexible printed circuit 
board 13 and the ink j et head 10 from over-approaching to 
each other. This modification can be applied also to the 
second embodiment. 

In the first embodiment, after forming wiring patterns 
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60, 61, 53 on the + z side surface of the insulating member 
13a, the wiring patterns can be further coated with an 
insulating resist layer to reduce any possibility of short 
circuiting . 

In the first embodiment, it is possible to form the 
wiring pattern after providing the through-holes 62 through 
the insulating member 13a so that the positions of the lands 
60 correspond to the positions of the through-holes 62. 

In the first and second embodiments, the solder 63 is 
melted by heating the entire assembly during both the reflow 
process and the connecting process. However, it is possible 
to heat the solder 63 locally using laser light or by 
pressing a heat bar on the solder 63. 

Instead of performing the solder placing process and 
the reflow process, the solder 63 can be provided by dipping 
the flexible printed circuit board 13, 113 in a jet of 
solder. 

In the above-described embodiments, the piezoelectric 
actuator 12 have five piezoelectric Sheets 12a, 12b, 12a, 
12b, and 12c. However, the piezoelectric actuator 12 may 
have more than or less than five piezoelectric sheets. 
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